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Description ' 

The invention relates to a nnethod tor eliminating 
noise in an information channel by tittering a noisy signal 
coming through the channel. 

Disturbing noise often appears in ah infomnation 
channel, specifically a communications channel, such 
as a mobile radio telephone channel. The ndse may be 
due both to the connection and to noise around the ac- 
tual source, the speaker. For example, the background 
noise in an automobile is heard as noise in the back- 
ground of a telephone call spoken over a mobile radio 
telephone. 

To eliminate disturbances and noise it is possible to 
use a plurality of methods. For example, by means of a 
high-pass filter it is possible to eliminate noise at low 
frequencies. However, in a signal coming to a mobile 
telephone from stations, the noise is within the same fre- 
quency range as is the speech signal, and so a situation 
is arrived at in which speech is also eliminated if at- 
tempts are made to eliminate the noise. 

Endeavors have been made to eliminate the effects 
of background noise, when speaking from automobiles, 
by using, for example, a second mterophone. Only noise 
is received in this microplione placed elsewhere in the 
automobile, and this noise can be eliminated fromthe 
entire signal before the speech signal is transmitted fur- 
ther from the telephone. Only slight improvement of the 
signal to noise ratio has been achieved by this method, 
since suitable placing of the microphone is difficult. 

The object of the present inventton is to eliminate 
the problems appearing in the methods described 
above and to provide a method by which it is possible 
to eliminate noise in an information channel without sup- 
pressing the speech signal. 

According to a first aspect of the Invention there is 
provided a method 

for suppressing noise in an information channel, com- 
prising filtering a noisy information signal coming 
through the channel so that the frequency band of the 
channel is divided into sub-bands, comparing in each 
sub-band a noisy informatbn signal level with a refer- 
ence level, defining a noisy Infomnation signal level 
equal to or less than the reference level as noise and 
suppressing said noisy information signal in accordance 
with a given characteristic curve to form a suppressed 
signal and summating the suppressed signals in each 
of the sub-bands, characterised in that the suppression 
of said noisy information signal has a maximum value 
such that when the noisy information signal level in a 
given sub-band is equal to or less than the reference 
level, there is non-zero gain in the given sub-band. 

According to a second aspect of the invention there 
is provided apparatus for suppressing noise in an infor- 
mation channel, comprising filtering means for dividing 
a noisy information signal input from the information 
channel into sub-bands, comparing means for each 
sub-band for comparing a noisy information signal level 



with a reference level, suppression means for suppress- 
ing noisy infonration signals in respective sub-bands 
according to a given characteristic cun^e, to form sup- 
pressed noisy information signals, and summation 

s means for summing the suppressed noisy information 
signals in each of the sub-bands, characterised in that 
the suppression means operate at a maximum suppres- 
sion value when the noisy information signal in a given 
sub-band is equal to or less than the reference level, 

to such that there is non-zero gain in the given sub-band. 
Frequency bands containing nothing but noise or a 
great deal of background noise can in this case be elim- 
inated. This is possible, since a speech signal does not 
use the entire frequency range all the time. 

IS The invention is described bebw with the help of an 
embodiment example, with reference to the accompa- 
nying drawing, in which 

Figure 1 is a block diagram of the principle of an 
20 arrangement with which the method according to 
the invention is implemented; 
Figure 2 is the construction of a four-channel filter 
bank; 

Figure 3 depicts a filter pair consisting of a low-pass 
2S filter and a high-pass filter; 

Figure 4 is a block diagram of an arrangement with 
which the suppression of a single channel is con- 
trolled; 

Figure 5 illustrates the division of a frequency band 
so into sub-bands; 

Figure ,6 is a characteristk; cun^e detenmining the 
amount of signal passage. 

The principle of the implementation of the method 
3S is depicted In Figure 1 as a block diagram. A signal 1 is 
supplied to the filter blocks CH1 -CH4. in which the signal 
is divided into frequency bands B1-B4 (Figure 5). The 
outputs of the fitters are coupled to suppressors PI -PA, 
by means of which it is possible to eliminate frequency 
40 bands which contain nothing but noise. Finally the 
bands are again summated, and the improved signal 2 
is carried further. 

The division into frequency bands B1 , B2, B3 and 
Bn is implemented using the all-pass fitter construction 
45 according to Figure 2. The limit frequencies of the fre- 
quency bands are f^, fg, fa- 

The transfer function of the all-pass filter of the first 
stage is 

5^ ^ A, = (a + z'')/(1+az-'') 

and respectively the transfer function of the all-pass fit- 
ter of the second stage is 

A2 = (b + cz'V z'^) / (1 + cz'^ + bz'^) 

ss ^ where coefficients a, b and c are dbtained from the for- 
mulae 

a = sin((D/2 - n/A) I sin((o/2 + jc/4) 
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b = (a^ + a)/(1 +aa^) 

c = (2a(1+a))/(1 +aa^) 

where (0 = 2Kf^g and a = tg/4fH * 

and = limit Irequency of fitter 

and fg = sample taking frequency of filter. 

The filters of the first and second stages have been 
formed into bw-pass - high-pass pairs (Figure 3) by 
means of which the signal is always divided into two fre- io 
quency bands. Three filter stages are required in order 
that a division into four frequency bands will occur. 

The suppression control depicted in Figure 4 is car- 
ried out in each frequency band by setting the amplifi- 
cation of the signal according to the following equation 

p = max{(S-2N)/S,C) 

where 

S = signal level ; . 
^ N = noise level 

C =: constant indicating the maximum suppression 
of the bands, in practice, for example 0.2. 

If there is no signal within the frequency band being 26 
examined, the signal level S and the noise level N are 
approximately equal, and the passing amount of the fre- 
quency band is C. If the signal S is substantially greater 
than the noise level N, the passing amount P attains a 
value and the signal is not suppressed at all. 30 

The monitoring of the signal level is carried out by 
rectifying (10) and low-pass filtering (11, 12) the signal 
of the frequency band. 

The low-pass filter 11 can be, for example, the re- 
cursive filter of the first stage ^ 

Y,(k) = A,Y,(k-1) + (1-A^)XJk) 

where 

Ag(k) = coefficient 40 
Yg(k) = output signal 
X^(k) = input signal 

The noise level N within each frequency band is de- . 
tected by further low-pass filtering (12) the signal com- 4S 
ing from the level detector and by detecting (13) from 
this the long-term minimum. Thus it is possible to deter- 
mine whether the frequency band in questbn has a con- 
stant-value signal (which is noise) or a signal of contin- 
ually changing value, which can be deemed to be a use- 
ful signal. The recursive filter of the first stage may again 
serve as the bw-pass filter 

Y„(k) = A„Y„(k.1) + (1-AJX„(k) 

where the terms stand for the same as in the previous 
formula. Referring to Figure 4, Xn(k) = Y8(k). 
The minimum is calculated from the equatbn 



N(k) = mm{Y„(k).N(k-1) + 5} 

where 5 = constant representing the maximum increase 
rate of the noise level N. 

Four was chosen as the number of frequency bands 
in the examples. An increase in their number Increases 
the number of all-pass blocks (quadratically). From the 
viewpoint of practical implementation, It is hardly worth 
while increasing the number of bands. In the present ap- 
plication, 3 is a good choice for the number of frequency 
bands. 

The functioning of the method has been verified by 
practical subjective experiments. 

It is evident that the method can be applied using 
different circuitries. Both analog and digital circuit con- 
structbns are usable. 



Claims 

1. A method for suppressing noise in an information 
channel (1). 

comprising filtering a noisy Information signal com- 
ing through the channel so that the frequency band 
of the channel (1) is divided (CH1-CH4) into sub- 
bands (B1-B4), comparing in each sub-band 
(B1-B4) a noisy information signal level (S) with a 
reference level (Ref), defining a noisy information 
signal level equal to or less than the reference level 
(Ref) as noise and suppressing (PI -P4) said noisy 
information signal in accordance with a given char- 
acteristic curve to form a suppressed signal and 
summating the suppressed signals in each of the 
sub-bands (B1-B4). characterised in that the sup- 
pression of said noisy information signal has a max- 
imum value such that when the noisy infonnatton 
signal level (S) in a given sub-band is equal to or 
less than the reference level, there is non-zero gain 
in the given sub-band. 

2. A method according to claim 1 , wherein, when the 
noisy inf ormatbn signal level (S) detected on a sub- 
band exceeds the reference level (Ref) its suppres- 
sion is inversely proportional to the amount of the 
excess in accordance with the given characteristic 
cun/e. and noisy information signal levels exceed- 
ing an upper limit (Max) are substantially unsup- 
pressed. 



so Z, A method according to claim 1, wherein the noisy 
information signal level (S) to be compared in a giv- 
en sub-band is formed by rectifying (10) and low- 
pass filtering (11) the noisy infornnation signal, the 
reference level (Ref) is formed as the long-term 
SS minimum of the noisy information signal level, (N) 
and the amount of signal gain (P) at any given time 
is obtained from the formula: 
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P = max{(S-2N)/S,C} 

where S is the noisy information signal level, N is 
the long-term minimum of the noisy information sig- ' 
nal level and C is a constant indicating the minimum 
gain of a respective sub-band. 

4. A method according to any of the above claims,, 
wherein the information channel comprises a base- 
frequency speech channel for a communications 
channel and the frequency band of the channel is 
divided into four sub-bands (BVB4). 

5. A method according to any of the above claims, 
wherein the frequency band of the channel is divid- 
ed into sub-bands (B1 -B4) by using an all-pass filter 
construction. 

6. Apparatus for suppressing noise in an information 
channel (1), comprising filtering means for dividing 
(CH1 -CH4) a noisy Information signal input from the 
information channel into sub-bands (61-B4), com- 
paring means for each sub-band (B1 -84) for com- 
paring a noisy information signal level (S) with a ref- 
erence level (Ref), suppression means (P1-P4)for 
suppressing noisy information signals in respective 
sub-bands (81 -84) according to a given character- 
istic curve, to form suppressed noisy information 
signals, and summation means for summing the 
suppressed noisy information signals in each of the 
sub-bands (81-84), characterised in that the sup- 
pression means (P1-P4) operate at a maximum 
suppression value when the noisy information sig- 
nal in a given sub-band is equal to or less than the 
reference level, such that there is non-zero gain in 
the given sub-band. 

7. Apparatus acccording to claim 6, wherein the sup- 
pression means (P1-P4) is adapted to suppress 
noisy information signals in a given sub-band ex- 
ceeding the reference level (Ref) by an amount 
which is inversely proportional to the arhount by 
which the noisy information signals exceed said ref- 
erence level (Ref) and noisy information signal lev- 
els (S) exceeding an upper limit (Max) are substan- 
tially unsuppressed. 

8. Apparatus according to claim 6. wherein there is 
provided rectifying means (10) and bw pass filter- 
ing means (11 ) for forming noisy information signal 
level (S) for each sub-band, means for deterniining 

. a long-temn minimum of the noisy infomnation signal 
level (N) for use as the reference level (Ref), and 
wherein the suppression means (P 1 •P4) has a gain 
(P) given by 

P = max{(S-2N)/S.C) 
where S is the signal level, N is the long-term min- 



imum of the noisy infomnation signal level, and C is 
a constant indicating the minimum gain of a respec- 
tive sub-band. 

s 9. Apparatus according to any of claims 6 to 6, wherein 
the information channel comprises a base-frequen- 
cy speech channel for a communication channel 
and the frequency band of the channel is divided 
into four sub-bands (81 -84). 

10 

1 0. Apparatus according to any of claims 6 to 9, wherein 
there is provided all-pass filter means for dividing a 
frequency band of the information channel into the 
sub-bands (B1-B4). 

IS 

PatentarisprOehe 

1. VerfahrenzurRauschunterdrOckungineinemlnfor- 
20 mationskanal (1 ), bei dem zuhachst ein den Kanal 

durchlaufendes Rauschinformationssignal so gefil- 
tert wird, daB das Frequenzband des Kanals (1 ) in 
vier Unterbander (81 - 84) aufgeteilt wird (CHI - 
CH4), wobei in jedem Unterband (81 - 84) ein 

25 Rauschinfomnationssignalpegel (S) mit einem Re- 
ferenzpegel (Ref) verglichen wird, ein Rauschinfor- 
mationssignalpegel gletch dem Oder Kleiner als der 
Referenzpegel (Ref) als Rauschen definiert^wird, 
das Rauschinformationssignal in Obereinstimmung 

30 mit einer gegebenen Kennlinie unterdruckt (PI - 
P4) wird, um ein unterdrOcktes Signal zu erhatten, 
und wobei femer die unterdrQckten Signale aller 
Unterbander (81 - 84) summiert werden, dadurch 
gekennzeichnet, daB die UnterdrOckung des 

3S Rauschinformationssignals einen Maximumwert 
aufweist, so daB dann. wenn der Rauschinformati- 
onssignalpegel (S) in einem gegebenen Unterband 
gleich oder kleiner ist als der Referenzpegel, im ge- 
gebenen Unterband eine Verst§rkung ungleteh Null 

40 vorhanden ist. 

2. Verfahren nach Anspruch 1. dadurch gekenn* 
zeiehnet, daB dann, werin der in einem Unterband 
detektierte Rauschinformatbnssignalpegel (S) den 

^ Referenzpegel (Ref) Qberschreitet seine Unter- 
drOckung umgekehrt proportional zur GroBe dieser 
Oberschreitung in Obereinstimmung mit einer ge- 
gebenen Kennlinie ist, und daB Rauschinformati- 
onssignalpegel, die eine obere Grenze (Max) Dber- 

so schreiten, im wesentlichen nicht unterdrOckt wer- 
den. . 

3. Verfahren nach Anspruch 1. dadurch gekenn- 
zeiehnet, daB der in einem gegebenen Unterband 

ss zu vergleichende Rauschintormationssignalpegel 
(S) durch Gleichrichtung (10) und Tiefpassfttterung 
(11) des Rauschinformationssignals erhalten wird, 
der Referenzpegel (Ref) In Form des Langzeitmini- 
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mums (N) des Rauschintomriationssignalpegels ge- 
bildet wird. und die GroBe der Signalverstarkung 
(P) zu irgendeiner gegebenen Zeit anhand der 
nachfolgenden Forme) erhalten wird: 

P=:max{(S-2N)/S.C}. 

worin S der Rauschinformationssignalpegel, N das 
Langzeitmlnimum des Rauschintormationssignal- 
pegels und C eine Konstante sind, die die Minimum- 
- verstarkung eines Jeweiiigen Unterbandes anglbt. 

4. Verfahren nach einem der vorhergehenden AnsprO- 
che, dadurch gekennzeichnet, da3 der Informati- 
onskanal einen Basisfrequenz-Sprachkanal fOr ei- 
nen Kommunikatk>nskanat aufweist und das Pre- 
quenzband des Kanals In vier Unterbander (B1 - 
B4) unterteitt isL 

5. Verfahren nach irgendeinem der vorhergehenden 
Anspruche, dadurch gekennzeichneti da(3 das 
Frequenzband des Kanals durch Verwendung einer 
Aiipass-Fitterkonstruktion in vier Unterbander (B1 - 
B4) unterteitt ist. 

6. Vorrichtung zur RauschunterdrOckung In einem In- 
formationskanal (1), mit einer Filtereinrichtung zur 
Unterleilung (CHI - CH4) eines vom Informations- 
kanal kommenden Flauschintomnalionssignalein- 
gangs in vier Unterbander (Bl - B4). einer Ver- 
gleichselnrichtung fur jedes Unterband (Bl • B4) 
zum Verglelch eines Rauschinfomnatibnssignalpe- 
gels (S) mit einem Referenzpegel (Ref ), Unterdruk- 
kungsmittetn (Bl • B4) zur UnterdrOckung von 
Rauschinformatlonssignalen in den jeweiiigen Un- 
terbandem (Bl - B4) in Ubereinstimmung mit einer 
gegebenen Kennlinie, um unterdruckte Rauschin- * 
fomriationssignale zu erhalten, und mit Summier- 
mitteln zur Summierungder unterdrOckten Rausch- 
informationssignale aller Unterbander (B1 - B4), 
dadurch gekennzeichnet, daB die Unterdruk- 
kungsmittel (PI - P4) bei einem maximalen Unter- 
drOckungswertarbeiten, wenndas Rauschinfomna- 

. ttonssignal in einem gegebenen Unterband gleich 
Oder kteiner ist ats der Referenzpegel, so daB im 
gegebenen Unterband eine von Null verschiedene 
VerstSrkung vorhanden ist. 

7. Vorrichtung nach Anspruch 6. dadurch gekenn- 
zeichnet, daB die UnterdrOckungsmittel (P1 - P4) 
Rauschinformatbnssignaie in einem gegebenen 
Unterband. die den Referenzpegel (Ref) Qber- 
schreiten, mit einer Starke unterdrOcken, die umge* 
kehrt proportional zur Uberschreitung des Refe- 
renzpegels (Ref) durch die Rauschinformationssi- 
gnale ist, und daS Rauschinformationssignalpegel 
(S). die eine obere Grenze (Max) uberschreiten. im 
wesentlichen nicht unterdrOckt werden. 



8. Vorrichtung nach Anspruch 5. dadurch gokenn- 
. zeichnet, daB sie eine Gieichrichtereinrichtung 

(10) und eine Tietpassfiltereinrichtung (11) zur Bil- 
dung von Rauschinformationssignalpegein (S) fur 

s jedes Unteiband aufweist. daB Mittel zur Bestim- 
mung eines L^ngzeitminimums (N) des Rauschin- 
formationsslgnalpegeis (S) vorhanden sind, derate 
Referenzpegel (Ref) venvendet wird, und daB die 
UnterdrOckungsmittel (PI - P4) eine Verstarkung 

10 (P) aufweisen. die bestimmt wird durch 

P = max((S-2N)/S.C), 

worin S der Signalpegel, N das l^gzeitminimum 
des Rauschinformationssignalpegeis und C eine 
IS Konstante sind, die die Minimumvefstarkung eines 
jeweiiigen Unterbandes angBst. 

9. Vom'chtung nach einem der AnsprOche 6 bis 8, da- 
durch gekennzelchnet, daB der Informationskanat 

20 einen Basisfrequenz-Sprachkanal fur einen Kom- 
munikationskanal aufweist und das Frequenzband 
des Kanals in vier Unterbander (B1 • B4) unterteitt 
ist. 

2S 1 0. Vbrrichtung nach einem der AnsprOche 6 bis 9. da- 
durch gekennzelchnet, daB Alipass-Fittermittel 
vorhanden sind, um ein Frequenzband des Infor- 
nrtationskanals in die UnterbSnder (Bl - B4) zu un- 
terteilen. 



30 

Revendlcatlone 

1 . Proc^6 de suppression du bruit dans un canal d'in- 
35 . formation (1), comprenant 

le fittrage d'un signal d'intormation bruyant passant 
^ travers le canal de telle sorte que la bande de fre- 
quence du canal (1) soit divisee (CHI k CH4) en 
sous-bandes (Bl k B4). la comparaison dans cha- 

40 que sous-bande (B1 k B4), du niveau du signal d'in- 
. formation bruyant (S) avec un niveau de r6f6rence 
(Rdf), la definition comme bruit d'un niveau du si- 
gnal d'informatton bruyant dgal ou inf6rieur au ni-. 
veau de reference (R^f). et le ddparasitage (PI k 

4S P4) du dit signal d'inforrnatton bruyant conform6- 
ment k une courbe caract6ristique donn6e afin de 
former un signal d^parasitd puis la sommation des 
signaux d^parasites dans chacune des sous-ban- 
des (Bl h 84), caract^rise en ce que le d^parasitage 

so du dit signal d'intormation bruyant pr^sente une va- 
. leur maximale telle que lorsque le niveau du signal 
d'Information bruyant (S) dans une sous-bande 
donn6e est 6ga\ ou inf drieur au niveau de referen- 
ce, le gain dans la sous-bande donnee est non-nut. 

55 

2. Precede selon la revendication 1 , dans lequel. lors- 
que le niveau du signal d'information bruyant (S) de- 
tecte dans une sous-bande excede le niveau de re- 
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Mrence (R6f), son d^parasltage est Inversement 
proportionnet d la quantity en exc6s conform6ment 
^ la courbe caract^ristique donn6e, et les niveaux 
du signal d'information bruyant exc^dant una iimite 
supdrieure (Max) sont pratiquement non diimindS; 

3. Prc»cdd6 selon la revendication 1, dans lequel. le 
niveau du signal d'infonnation bruyant (S) devant 
dtre compart dans une sous-bande donnde est ef- 
fectu6 par redressement (10) puis filtrage passe- 
bas (11) du signal d'infomnatbn bruyant, le niveau 
de r6f6rence (R6f) est torm6 comme mininnunri k 
long terme (N) du niveau du signal d'infornrvation 
bruyant, et le niveau du gain du signal (P) k tout 
instant donn^ est obtenu k partir de ta formute : 

P=max{(S-2N)/S.C) 

ou S est le niveau du signal d'information bruyant, 
N est le minimum k long terme du niveau du signal 
d'infomration bruyant et C est une constante qui in- 
dique le gain minimum de la sous-bande respecti- 
ve. 

4. Proc^d^ selon I'une quelconque des revendications 
ci-dessus, dans lequei le canal d'information com- 
prend, comme canal de communication, un canai 
conversationnel dont la frequence est la frequence 
de base et dont la bande de frequences est divis^e 
en quatre sous-bandes (B1 k B4). 

5. Proc^dd selon Tune quelconque des revendications 
ci-dessus, dans ieque) ia bande de frequences du 
canal est divisde en sous-bandes (B1 k B4) en utt- 
iisant un assemblage de filtres passe-tout. 

6; Dispositif d'eiimination du bruit dans un canai d'in- 
formation (1), comprenant des moyens de filtrage 
pour diviser (CHI a CH4) le signal d'infomiation 
bruyant provenant du canal tfinformation en sous- 
bandes (B1 k 84), un moyen de comparaison dans 
chaque sous-bande (B1 k 84), pour la comparaison 
du niveau du signal d'information bruyant (S) avec 
un niveau de reference (Rdf). des moyens de d6- 
parasitage (P1 k P4) pour ddparasiter tes signaux 
d'information bruyants dans les sous-bandes res- 
pectives (81 a B4), conform§ment k une courbe ca- 
racteristique donn^e, afin de former des signaux 
d'information bruyants deparasit^s, puis des 
moyens de sommation pour effectuer la sommation 
des signaux d'information bruyants deparasit^s 
dans chaque sous-bande (81 k 84), caract^rise en 
ce que ie moyen de dSparasitage (PI k P4) fonc- 
tionne k une valeur de ddparasltage maxinnale brs- 
que le signal d'infonnation bruyant dans une sous- 
bande donn6e est ^gal ou inf^rieur au niveau de 
reference, de telle sorte que le gain dans la sous- 
bande donnde soit non-nul. 



7, Dispositif selon la revendication 6, dans lequel le 
moyen de d6parasitage (PI k P4) est adapts pour 
deparaslter dans une sous-bande donnde les si- 
gnaux d'information bruyants exc6dant le niveau de 

S reference (R6f) d'une quantity qui est inversement 
proportionnelle k la quantity de iaquelle les signaux 
d'information bruyants exc6dent ie dit niveau de re- 
ference (Ref), et dans lequel tes niveaux des si- 
gnaux d'infomnatlon bruyants (S) excedant une li- 

10 mite superieure (Max) sont pratiquement non eiimi- 
n6s. 

6. . Dispositif selon la revendication 6, dans lequel sont 
fournis un moyen redresseur (10) el un moyen de 
filtrage passe-bas (11) pour generer un niveau du 
signal d'information bruyant (S) dans chaque sous- 
bande, un moyen pour detenriiner le minimum k 
long terme du niveau du signal d'infomiation 
bruyant (N) pour utiliser celui-ci comme niveau de 
20 reference (Ref), et dans lequel le moyen de depa- 
. rasitage (PI - P4) possede un gain (P) donne par : 

P = max {(S - 2N)/S, C) 

ou S est le niveau du signal, N est le minimum k 
25 long terme du niveau du signal d'information 
bruyant et C est une constante qui indique le gain 
minimum de la sous-bande respective. 

9. Dispositif selon I'une quelconque des revendica- 
30 tions 6 a 8, dans lequel le canal d'information com- 

prend, comme canal de communication, un'canal 
conversationnel dont la frequence est la frequence 
de base et dont la bande de frequences est divisee 
en quatre sous-bandes (81 d 84). 

as 

10. Dispositif selon I'une quelconque des revendica- 
tions 6^9, dans lequel sont fournis des moyens de 
filtres passe-tout pour diviser la bande de frequen- 
ces du canal d'infonnation en sous-bandes (81 k 

40 84). 
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